Abstract-This study focuses on improving MIMO-OFDM systems by combining a wireless communication architecture known as vertical BLAST(bell laboratories layered space-time) or V-BLAST and STTC(space time trellis coding). In this paper, the combination is done by introducing STTC in each V-BLAST layer. Moreover, this architecture uses multiple antennas that are grouped into small number of antennas which makes it less complex to decode by decoding every group. Whereas, in traditional V-BLAST, all the antennas form one group and they are decoded together at the receiver, therefore, this increases the complexity as the number of antennas is getting high.
I. INTRODUCTION
MIMO (multiple input multiple output) is the use of multiple antennas at both the transmitter and receiver to improve communication performance. The latter has been proved efficient in flat fading channel in implementation of the standard IEEE 802.16 as well as the future communication generation.
Depending on transmission techniques, MIMO is classified into multiplexing and space time coding. Among MIMO multiplexing techniques we have VBLAST, this technique provides the high capacity and spectral efficient, however, this has the drawback of fading. Whereas in MIMO space time coding techniques we have STBC (space time block coding) which presents full diversity gain; nonetheless, it lacks the coding gain. On the other hand, STTC which is obtained by a joint design of error control coding, modulation, transmitting and receiving diversity to combat the effects of fading, the drawback of this, is the design complexity which increases as STTC state and the number of antenna increase.
OFDM (orthogonal frequency division multiplexing) transforms selective frequency fading channel which is a characteristic of the wireless broadband, into parallel flat fading channel that is less complex to combat [1] . Hence, combining MIMO and OFDM allows the deployment of wireless broadband access. In MIMO-OFDM system, V-BLAST has been proposed for high capacity and spectral efficient in wireless communication. However, its performance is critical when resisting to fading. To handle this issue, space time coding such as STBC and STTC has been proposed. Despite of providing full diversity gain, STBC is lacking the coding gain, hence we propose STTC. By introducing spatial and temporal correlation into the signals transmitted from different antennas, STTC achieves both diversity gain and coding gain. STTC can simultaneously offer substantial coding gain, spectral efficiency and diversity gain on fading channels [2] . In this paper, STTC is proposed to be joined with V-BLAST; however, as mentioned above, STTC design complexity gets high as the number of antennas increases. Therefore, we group the antennas into small group with generally not high number of antennas. In this paper, the group is composed of 2 antennas; what this system differs from traditional V-BLAST is that, it uses multiple antennas in each layer, whereas in traditional V-BLAST system all antennas belong to one group, which means that there is no way to split them into small group. In this paper, we use layer and group interchangeably.
In order to reduce the receiver complexity and to guarantee each group ' s full diversity, the group interference cancellation method is used before decoding with STTC decoder. The same algorithm has been used in [3] . However, it considers single carrier. This joint system obtains both diversity gain and coding gain without sacrificing bandwidth efficiency. Therefore, the integration of this combination has the potential to meet the ever growing demands of future communication systems.
The outline of this paper is as follows, section II presents the system model, section III introduces the detection design, and section IV evaluates and analyzes the system ' s performance through simulation result. Finally, conclusions on the presented work are drawn in section V.
II. SYSTEM MODEL
The system has N transmit antennas and M receive antennas over quasi static frequency selective fading channel. As the figure 1 shows, B is the input bits block flow of the system; the data to be transmitted are encoded by STTC encoder. As we are comparing MIMO-OFDM system with and without STTC, this system without STTC will be encoded by convolutional encoder. STTC is the extension of conventional trellis codes to multi-antenna systems [4] . The number of nodes in a trellis diagram corresponds to the number of states in the trellis. Figure 2 As it is shown on figure 3, s 1 and s 2 symbols come in pairs wherein the first digit corresponds to the symbol transmitted from antenna 1 and the second from antenna 2 of each group.
Both STTC and convolutional coding use trellis coding and viterbi algorithm for decoding as well as error control techniques. However, convolutional coding does not include modulation as it is the case for STTC. At each instant t, block of q binary information symbols denoted by B t is fed into STTC encoder. 
The T M parallel outputs coded by BLAST to be spread into transmit antennas before being simultaneously transmitted from all the 
Where rb is the data rate and B is the channel bandwidth. The above spectral efficient is equal to the spectral efficiency of a reference uncoded system with one transmit antenna.
In the situation where we have multiple antennas at both transmitter and receiver, we consider a MIMO channel which is a matrix H given in equation (6). Thereafter, each sequence from every antenna is modulated by IFFT (inverse fast Fourier transform) .This IFFT changes the signal to be transmitted in time domain. After that, cyclic prefix is added; the cyclic prefix acts as a buffer region where delayed information from the previous symbols can get stored. Given that transmission of cyclic prefix reduces the data rate, the system designers will want to minimize the cyclic prefix duration. Typically, cyclic prefix duration is determined by the expected duration of the multipath channel in the operating environment. For example, for the indoor wireless multipath channel, the typically expected multipath channel is of around 0.8 sec  duration, hence, determining the cyclic prefix chosen per the IEEE 802.11a specification [5] , the general length of the cyclic prefix should be at least a quarter(1/4) of the length of the OFDM symbol. In this paper, the length symbol is 64 thus the cyclic prefix length considered is 16.
Finally, the signal S n [t,k], n=1,..,N are simultaneously transmitted at k th subcarrier in the n th OFDM block from different antenna groups.
On the receiver, the signal at each antenna is a noisy superposition of N transmitted signal corrupted by fading channel. The received signal at the M th receive antenna is 
Where H m,n [t,k] denotes the channel frequency response at k th subcarrier of the th OFDM block between the n th transmit and m th receive antennas. w m [t,k] is the noise matrix with independent complex Gaussian random variable with zero mean and variance N o /2 and it is assumed to be independent for different t's, k's.
For the sake of simplicity, we represent the detected signal at the k th subcarrier of the n th OFDM block by omitting k and t index as follows r=HS+w . 
Where the coefficient H i,j , which is assumed to be constant during a frame and varies from one frame to another, is the path gain between i transmit antenna and j receive antenna. The coefficients are assumed to be independent and identically distributed Gaussian.
As it is shown above, each layer is composed of n q transmit antennas, transmitted signal S vector can be written as S=(s 1 ,s 2 ,…,s n ) T . Afterwards, the cyclic prefix is removed from the received signal followed by the FFT demodulation; the demodulated q flows are fed into V-BLAST decoder where the group interference cancellation is done, then the detected signal is decoded by STTC decoder.
III. GROUP DETECTION ALGORITHM
At the receiver, group IS (interference suppression) and IC (interference cancellation) are done to recover the original data, which means that we detect one group by suppressing the interference from others without loss of originality.
For instance, let's take the decoding process of the first group and call it c 1 , the group IS method is as follows: the transmit signal vector S is decomposed into the desired signal and interfering one. 
Similarly, the channel frequency response matrix is decomposed into two matrices with one corresponding to the desired layer and the other to the interfering layer.
Where, () 1 Hc  is the desired layer channel and
is the interfering channel from other layer.
Where, 
The received signal is as follows
We assume that the CSI is known at the receiver and MN  . The nulling matrix of 
As the diversity loss is compensated by detecting the groups with the largest post nulling SNR(signal/noise ratio), we choose the decision group that has the highest post-detection SNR to decode at this level. Thus the detection order is decided by The detection of the each layer can achieve the spatial diversity order of () ii M N n xn  .Then; this layer is decoded by STTC decoder. Furthermore, the contribution of the detected k th layer is cancelled from the received signal and the similar processing is applied to the remaining layers to get them detected sequentially.
IV. SIMULATION AND DISCUSSION
Assume that the channel fading is constant during a frame and changes independently from one frame to another. Furthermore, transmit and receive antenna are assumed to be uncorrelated. Through simulation, we evaluate the BER (bit error rate) performance for both systems according to SNR. The system parameters are given below: As it is shown on the figure 2 which considers 2x2 system, MIMO-OFDM with V-BLAST and STTC-4 states performs better than the system that does not use STTC, instead it uses CC (convolutional coding). When considering the system 4x4 with transmit antennas grouped into two groups of 2 antennas each, as it is also shown on figure 3 ; we observe that the system with the joint scheme of V-BLAST and STTC is outperforming the system that uses V-BLAST and convolutional coding; this is due to diversity, error control and coding gain obtained from STTC. By comparing the bit error performance, we find that in the high SNR, the joint system significantly outperforms. For instance, on the figure 2 at SNR that equals to 30dB, we find that BER for the joint system (2x2) is about 10 -4 whereas we have about 10 -2 for MIMO-OFDM without STTC. In the case of the system 4x4 we realize that the joint system's BER performance is about 10 -5 at SNR equals to 30dB whereas for the system without STTC, it is about 10-2 at same SNR price. With regard to SNR, as this one is increasing, as the difference in BER performance of both systems increases, with the joint system outperforms.
V. CONCLUSIONS
In this paper, we have studied the improvement of MIMO-OFDM system efficiency based on combining V-B-LAST and STTC; this uses a group of antennas on each V-BLAST layer and the signal interference cancellation technique on the receiver. Through simulation results we confirm that the joint system outperforms the traditional V-BLAST which uses one antenna on each layer. Moreover, the receiver complexity has been reduced based on group interference cancelation to the extent that the complexity of 4x4 is reduced to 4x2 at the same time keeping the diversity of 4x4. Fig. 7 . BER performance of MIMO-OFDM 4x4.
